Mechanism of the Pechmann reaction: a theoretical study.
One of the most widespread synthetic routes to coumarins is the condensation of esters and phenols via the Pechmann reaction. Despite the industrial and technological importance of the reaction, its mechanism is still poorly understood. We have explored several possible reaction paths by DFT calculations at the M05-2X/6-31+G* level. Amphoteric groups and the solvent have a crucial role in the frequent proton-transfer steps of the mechanisms; therefore, we have employed a mixed solvent model, where we combined the implicit PCM model together with an explicit water molecule placed at the actual proton transfer region. The Gibbs free-energy profiles of the possible routes suggest that three parallel channels (featuring water elimination, trans-esterification, and electrophilic attack) operate simultaneously. Enolic routes have prohibitively high activation barriers rendering these paths untenable. The calculated profiles indicate that in each feasible route the first elementary step has the highest activation energy. Reaction intermediates identified on the free-energy profiles can explain several experimental observations.